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INTRODUCTION 
In studies of soil-plant inter-relationships, agricul¬ 
tural workers have stressed the importance of the basic 
elements calcium and potassium more than that of magnesium; 
and though for several years it has been known that magnesium 
is an essential element, only recently has intensive investi¬ 
gation been made to discover the relationship of this oation 
to the intake of other cations. 
In the evolutionary development of plant species, the 
magnesium requirements and uptake by plants seem to vary. 
It has been observed that the lower orders require greater 
quantities of magnesium than the higher orders. It has been 
reported that when the magnesium content of the green plant 
falls below 0*12 per cent, on the dry weight basis, typical 
symptoms of deficiency of this element are likely to be in 
evidence. Zimmerman (25) has also reported from other invest¬ 
igators that for each plant species there was a defined mag¬ 
nesium requirement within a small range; whenever the magnes¬ 
ium content was less than the lower limit, magnesium- 
deficiency symptoms usually were apparent and with increased 
severity of the deficiency death results. 
Magnesium deficiency of plants may occur under several 
conditions. A limited supply of this element in the minerals 
of the soil and its low content in severely leached soils 
2 
contribute to its unavailability to plants. The use of 
magnesium-free potassium fertilizers not only excludes the 
element magnesium from the soil but the high potassium con¬ 
tent also inhibits the uptake of magnesium by plants (17), 
Many studies have been made concerning the Influence of 
different cations and anions of fertilizing materials upon 
the uptake of other cations and anions by plants (4,10,23). 
t i i » 
It has been shovn that there existed a constant summation of 
» . i \ i * » 
cations in plants regardless of the actual content of any 
specific ion (5,6). It has been reported also that a con¬ 
stant cation-anion ratio existed in plants grown in the same 
environmental conditions (24). 
Investigations were carried out (2) on the exchangeable 
oations at different levels in the soils. It was found that 
the exchangeable magnesium was only a small fraotlon of the 
total soil content of this element. The exchangeable calcium 
•. j .. i f 
decreased with depth while opposite phenomena occurred with 
the exchangeable magnesium. The sub-layers contained larger 
quantities of exchangeable magnesium, less exchangeable 
r t j i i * » ..... * 
calcium and the exchangeable potassium varied greatly. 
Leaf analysis of the latest annual growth has been 
successfully employed by Thomas et al (21) for determining 
the uptake of cations and anions by perennial plants. It is 
believed that this technique might be used for determining 
the relative availability of the nutrient elements in soils 
of different type by analyzing the leaves of the annual 
3 
growth of certain plants grown on rarious soils. 
The purpose of this investigation was to learn the 
potential capacity of certain soil series to furnish calcium, 
potassium, magnesium, sodium, and phosphorus to certain plants. 
In addition, the inter-relationships of these cations in 
plants was studied and more attention was given to the Influence 
of magnesium and calcium on the summation of the cations. An 
attempt was made to show any relationship existing between the 
ability of plants to absorb magnesium and stages of plant 
development. Inter-relationships between the content of the 
parent rock material, exchangeable cation content of soils 
derived from these rocks and cation content of plants grown 
In these soils were also investigated. 
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EXPERIMENTAL 
Effect of Soil Type and Parent Material 
on Cation Composition of the Plants 
X. Methods 
(a) Sampling procedure and description of soils. 
Leaves of the annual growth of the following plants were 
gathered from various sections of each soil type concerned 
from different areas of the state: White Pine (Pinus strobus), 
Poverty Crass (Andropogon scoparius), Hickory (Garya glabra), 
Birch (Betula popullfolla), Oak (Quercus velutina). Chestnut 
(Castanea vesca), Beech (Fagus ferruglnea), Poplar (Populus 
tremuloides), G-oldenrod (Solidago nemoralis), Ash (Fraxinus 
americana), drape (Vltls riparia). Sumac (Hhus typhlna), 
Cherry (Prunus pennsylvanlcus) and Maple (Acer rubrum). 
The leaves were dried and then ground in a Wiley mill. 
Triplicate 2-gram samples were oxidised by the wet digestion 
method, using nitric and perchloric acids as suggested by 
dleeeklng (9). 
Aliquots of the digested sample were used to determine 
the various elements. Calcium, potassium, and sodium content 
were determined with the Perkln~J31mer flame photometer (22). 
Magnesium was determined, using the colorimetric method 
devised by Mikkelsen (17). Phosphorus was determined by a 
modification of the Sherman method (19) and sulphur was 
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determined by precipitation as BaS04 (Ao.ft<9. Duplicate 
samples were analyzed for nitrogen content by the Kjeldahl 
method as modified by DeTurk (6). 
The soils upon which the plants listed above were grow¬ 
ing are: Lenox, Oolrain, Worthington, Blandford, Chicopee, 
and Agawam. These soils were selected because they ware 
derived from different parent material and because of their 
economic importance in the agricultural districts of the 
central part of the State of Massachusetts. A brief des¬ 
cription of each soil is given below (13): 
These soils are brown podzolic, well drained and 
normally deep, i.e., 30 inches or more. 
Lenox. The Lenox soils are unstratified and 
derived from glacial till. They are neutral or 
weakly calcareous. The underlying rocks consist 
of blue and gray limestone and white marble with 
local beds of graphite and mica schists. Angu¬ 
lar fragments and slabs of schists and pieces of 
limestone are present in the surface soil, sub¬ 
soil, and underlying glacial drift. 
Oolrain. The Oolrain soils are also unstrati- 
fled and derived from glacial till. They are 
also neutral to weakly calcareous. In these soils 
are found inter*-bedded siliceous limestones, mica 
schist and occasionally phylllte. 
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Worthington. The Worthington soils contain 
sufficient amounts of calelum and these quantities 
are more pronounced In the northern areas. They 
consist of dark graphitic mica schists with blotite, 
garnet, staurolite, and solslte. There are also 
several beds of impure limestone and sandy quartsite 
in these areas. 
Chloopee. The Chicopee soils are glaeiofluvial 
deposits (glacial outw&sh plains and terraces), 
stratified with gravelly substratum. They are non- 
calcareous and contain 'frlasslc conglomerates mixed 
. ; i ' ( ... , i , , . ( 
with ^friae sic sandstone and shales. 
Agawam. These soils are made of the stream 
terrace deposits. They are deep sands containing 
gray mica schist intermingled with some angular 
debris of granite and gneiss. Coarse feldspathic 
sandstones are also present. 
Blandford, These soils are derived from schist 
and are fairly heavy soils. Their productivity 
is lower than the Worthington loam. The water table 
is very high in comparison with other soils con¬ 
cerned. 
(b) Chemical analysis of parent rook material. The 
chemical composition of residual soils and, to a lesser 
extent, the plant content In basic elements is an Index of 
the true composition of the underlying parent material. 
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In this Investigation, the potential capacity of the soils 
to furnish nutrient elements may be different from the actual 
composition of the rocks because of the influence of glacia¬ 
tion and other geological factors. But it would be interest¬ 
ing to note any relationship existing between rock-soil- 
plant. 
Hock samples collected in different areas where the soil 
series occurred, were pulverized to a very fine powder. A 
3-gram sample was fused according to the method described in 
the A.O.A.C. Methods (27) for the analysis of silicate miner¬ 
als. After the removal of silica, iron, and aluminum, the 
calcium and potassium content was determined on an aliquot 
by the same method mentioned previously (22). On another 
aliquot magnesium was determined by the precipitation with 
di-ammonium hydrogen phosphate as described in A.O.A.C. 
Methods of Analysis. In table 1, the listed values of the 
chemical composition of parent material shows variation. 
It can be stated that the Ca percentages of the parent rock 
material or rooks occurring on these soils are relatively 
lower In the Agawam and Chicopee series than in the Lenox, 
Colrain, Worthington, and Blandford soils. On Worthington 
series some whitish rocks, although not effervescing in 
the presence of hydrochloric add, revealed upon chemical 
analysis a high Ca, Mg, and K content; but occurring in the 
same series were also found rocks with a very low oation 
composition. 
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Table 1. - Calcium, magnesium and potassium content of 
parent material, soil reaotion, total oations 
and exchangeable cations of soils derived 
from parent material. 
Soil 
Series 
Soil 
Reaction 
Total 
cations 
absorbed 
Exchangeable BasesO-) 
Ca , Mg It 
M.e.(2) 
Lenox 6.45 1430.94 6.46(2) 0.69 0.39 
Colraln 5.70 1251.96 5.62 Traces 0.52 
Worth¬ 
ington 
S.60 
1 t ^ 
1221.55 4.52 Traces 1.1 
Chicopee 4.70 1115.45 0.72 
j v 
0.27 
Bland- 
ford 
4.64 
y ■ * t t - ' - *> 
1103.72 
i . ; i : i : » 
0.66 
u •. » • . • { • 
0.42 0.58 
Agawam 4.61 1037.10 
•II 
0.52 ******* 0.26 
(l) Exchangeable bases were determined on the horizon* 
(2) M.e. represents mllliequivalents of the element 
per 100 grams of material* 
Table X. Continued 
it ' 
Soil Parent Material 
Series Ca ‘ j • • Mg K 
M.e. i : M.e. % M.e* 
—T~ 
Lenox 120.0 2.40 53.22 0.64 60.0 2.33 
Colraln a) 90.0<3> a)1.80 a) 20.58 a)0.65 a)67.2 a)2.60 
to)115.0 b)2.30 b)54.37 b)0.24 b)52.1 b)2.01 
Worth- a)450.00 &)9«00 &J122.01 a) 1.47 a)57•8 a)2.25 
ington b)135.00 b)2.70 b) 53.78 b)0*65 
' y 
b)54.7 b)2.13 
Chicopee 95.0 1*90 37*52 
t > 
0.45 35*9 1.40 
Bland- 141.6 2*83 54.37 0*652 6.9 0.25 
ford 
f, yt . « 1 jj 
Agawam 106.0 2.10 ’ , 1 * , 49.8 1.92 
(3) In these soil series, tiro different kinds of rooks 
were analyzed. 
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The potassium content of parent material pertaining to 
Lenox, Colraln, and Worthington series were quite similar hut 
Chicopee and Agawam were relatively lower in potassium while 
Blandford was extremely low. 
Magnesium could not he detected on parent material of 
the Agawam series and very small amounts In that of the Chic¬ 
opee series* Hooks from the Colraln, Worthington, ana Bland¬ 
ford series showed a higher magnesium content. It was also 
found that certain rocks of the parent material in the Colraln 
series were very low in the element magnesium. 
(c) Soil reaction and exchangeable bases bn the soil 
complex* The pH of the horizon of each virgin soil 
involved was taken. Also the exchangeable calcium, magnesium, 
r . i \ . .k i ; • ' • \ r 1 ■ . i t , ; ; 
and potassium were determined by leaching the soil with a 
normal solution of ammonium acetate adjusted at pH * 7 (19)* 
The soil reaction and the exchangeable bases are listed In 
table 1. 
It was observed that when the pH of the soil rises, the 
exchangeable calcium on the colloids increased. The reaction 
of the Lenox soils is neutral* Colraln and Worthington soils 
are slightly acidic while Blandford, Chicopee, and Agawam 
are definitely acidic in nature. 
It is known that, although the exchangeable magnesium 
occurs in minute amounts in the Ax^ horizon, its presence 
can be detected in measurable quantities in Lenox and Bland¬ 
ford soils and traces in Colraln and Worthington. These 
10 
occurrences are In accord also with the relative chemical 
composition of the parent material. No magnesium could be 
found in the A;^ horlson of the Agawam and Chicopee soils 
and this agreed with the very low magnesium content in the 
rocks. . , , 
The Worthington, Blandford, and Colrain soils had rela¬ 
tively higher potassium content than Lenox, Chicopee, and 
Agawam. There was leas relationship between the potassium 
content of soils and rocks, especially in the Blandford 
soils, where the differences were very significant. 
(d) Cation and anion uptake by plants. In table 2 are 
listed the cation and anion content of the annual growth 
of the leaves of plants growing on the soils involved. 
These values are expressed in ra.e. per 100 grams of dry 
matter since summations of cations oan be made only when 
expressed on this basis. 
(e) Soil differences from statistical analysis, in 
estimating the relative capacity of soils in furnishing 
cations to plants, a method devised by Ceddes al (S) for 
the selection of a valid error was chosen. In this oase 
the representation of a least significant effect may be 
more logically shown by the triple interaction error. This 
method has the advantage of giving values which are not 
likely to be lower than the error due to differences between 
duplicate samplings. Since only one sample could be obtain¬ 
ed from each soil, in several cases this method of deddes 
C
hi
co
pe
e 
,
 
A
ga
w
am
 
.
 
B
la
nd
fo
rd
 
,
 
C
o
lr
al
n
 
i W
or
th
in
gt
on
 
i 
L
en
ox
 
S
o
li
 
11 
Table 2. - Cat Ion and anion uptake by plants growing on 
different soils. 
(U.e. per 100 grams of ' air-dry material) 
4» 
C 
e * a © 43 0 s u H (X O <& 
m <D P< & B M H A O U CQ d J3 a! W O *V < m CQ O 
Ca 135.5 99.9 99.3 92.2 62.2 60.8 42. 
K 23.1 33.7 37.7 25.9 20.4 28.4 25. 
Ha 1.2 .91 .97 .83 1.36 .93 .72 
Mg 27.6 18.2 15.7 25.8 24.6 20.4 23.1 
Total 187.4 152.71 153.67 144.73 108.56 110.53 90.82 
H03 175.3 175.4 195.0 142.8 154.4 209.3 164.5 
H2P04 10.3 5,8 7.1 4.97 5.89 11.88 4.16 
S°4 8.1 13.08 21.63 11.53 13.95 17.98 9.61 
6a 'S'5T7 £§.i 92.2 41.2 42.5 34.7 
K 38.9 23.2 30.8 29.1 22.9 39.4 25.6 
Na .79 .76 .98 .83 .87 .64 .73 
Mg 22.9 21.9 20.7 25.7 18.6 14.6 23.7 
Total 122.29 134.06 111.98 147.83 83.57 97,14 84.63 
NO3 
H2PO4 8.04 5.80 8.09 4. o4 5.16 6.27 4.34 
304. 8,61 9.18 9.73 9.05 11.35 10.54 7,81 
da 49.7 96.3 95.2 4:4. 2 irs'.Ts " '"SS73T 
t 30.8 28.0 30.1 42.2 22.7 29.9 24.1 
Ha .79 .83 .68 1.2 .60 .78 .80 
Mg 18.1 13.0 18.0 22.2 12.3 23.7 15.3 
Total 116.39 91.53 145.08 160.8 79.80 167.88 79,50 
NO3 135.5 182.0 200.1 171.0 178.5 209.3 180.1 
h2po4 9.2 6.0 6.01 5.70 6.73 7.0 4.5 |P4 12.09 11.41 8.68 10.73 9.98 11.53 11.1 
da 32.8 .re: 1. 47.6 57.51 42.6 51 • S 3l.9" 
K 44.6 22.8 37.8 27.7 21.7 42.6 19.2 
Ha .66 1.44 ,69 .66 .80 .81 .58 
Mg 20.7 19.8 14.4 19.8 19.8 24.6 19.2 
Total 98.76 96.14 100.69 105.36 85.0 119.31 70.88 
KO3 170.1 173.5 185.4 170.8 148.6 200.6 143.8 
H2P04 7.76 8.4 8.48 7.81 6.8 9.56 6.8 
so4 . 13.3 23.9 11.78 14.51 28.64 17.55 
da 42.8 28.7 117.0 37.5 43.5 38.6 28.9 
K 33.0 25.0 32.8 28.7 27.3 21.8 21.8 
Ha .67 .41 .80 • 45 .52 .65 .36 
Mg 14.5 21.5 22.5 14.5 17.1 16.9 15.2 
Total 90.97 75.61 173.10 81.15 88.42 77.95 66.26 
NO3 164.9 197.8 186.6 191.4 163.3 211.1 140.1 
H2PO4 5.2 6.5 7.1 4.7 8.3 13.11 4.5 
SO4 11.78 19,47 9a!6 , 1U53l- 
da 91.4 41.2 56.3 42.5 39.5 50.6 31.5 
K 80.1 28.5 29.0 29.5 22.3 56.7 20.7 
Ha .81 .81 1.05 .36 .87 .95 .41 
Mg 80.8 17.2 11.4 16.7 22.04 10.4 17.1 
Total 133.11 87.71 97.76 89.06 84.71 118.65 69.71 
HO3 156.1 150.4 171,2 168.5 142.7 205.1 149.3 
H2P04 4.6 4.4 5.2 4.1 4.6 9.5 4.2 
S04 26.6 11.9 12.46 15.62 7.7 23.2 9.3 
11a 
Table 2. - Continued 
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Ca 4:6 • 38.1 '28,7 ""Ssi'tJ 57T5 21.4 
K 50,2 60.2 17.2 22.5 26.8 26.05 
Na 1.6 .92 .40 .51 .37 .67 
K Mg 12.0 13.7 9.1 21,2 20.9 15.2 
o r© Total 103.8 112.92 55.4 72.21 74.87 63.32 N © no3 113.2 90.3 85.4 135.3 147.2 137.9 
H2P04 7.4 5.98 4.6 5.8 5.8 6.4 
S°4 14.69 10.17 9.61 8.6 9.7 
da 6'r.'4 36.6 32.1 15.3 28.4 33.3 
c 
o K 48.7 62.8 13.9 26.3 22.9 18.5 
+» kn Na 1.01 .70 .70 .70 .74 .70 
c Mg 6.4 13.2 5.8 19.3 14.5 16.7 H 
rj Total 77.51 112.70 52.50 61.60 66.54 69.20 
P li NO3 
O H2P04 6.73 6.95 4.96 4.82 4.84 
S04 7.93 8.49 12.02 10.42 14.69 
da 13.4 36.1 35.5 14.2 25.4 4lTS~ 
1C 44.2 53.6 11.3 24.1 23«8 17.3 
c Na .66 .86 .65 .69 .72 .50 
gj Mg 6.4 10.4 5.8 18.5 13.9 10.5 
u Total 64.66 102.96 53,26 57.49 63.82 69.80 H O NO3 @5.4 101.4 79.8 99.6 131.6 167.6 O H2PO4 4.7 3.9 4.2 4.5 3.7 4.5 
S04  12.7 13.3 26.4 15.1 
(Ja lo.S 41.*? spr 14.6 §T7§ 40.5 
*rt £ 52.1 53.1 13.4 24.5 23.2 20.9 
JU Na .35 .30 .75 .68 .73 .57 O Mg 6.8 24.2 7.6 18.2 13,1 15.5 
ng 
m* Total 69.85 119.8 43.55 67.98 58.93 77.47 
9 NO3 93.6 118.3 116.5 138.5 129.5 136.5 
rt 
m H2PO4 4.3 5.4 5.3 6,3 5.9 6.2 
S04 28.27 14.14 11.4 21.76 20.58 
da 9.& £577 ie.2 £•4.1 ~W7r~ 36.6 
K 32.1 49.0 16.7 24.5 13.3 14.4 
g Na .49 .46 .44 .46 .60 .39 
i Mg 7.4 11.1 7.6 17.7 14.6 12.1 
aS Total 49.19 96.26 40.84 66.76 68.10 62.49 
$ NO* 94.5 119.0 87.4 140.1 130.5 144.8 H2P04 7.0 10.7 4.7 4.7 6.9 4.6 
S04 14.82 12.21 14.81 21.64 17.42 
Ua- 26.6 35’.'§ " 17.6 ss. 2 33.6 
K 49.7 48.2 15.41 18.61 22.05 25.5 © © Na .72 .61 .53 1.22 .66 .54 Pi 
A Mg 7.9 11.6 10.0 23.0 21.1 14.1 U © Total 
N0„ i38:l2 ill:!1 fi:J4 1M3 iSS-S1 
6 H2#04 6.6 8.3 4.6 3.7 4.2 4.6 
SO4 14.01 9*49 8.25 7.8 21.5 
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et al was used to calculate some of the values shown In 
table 2. 
f ) •. * ' • 
According to calculations, the least significant dif¬ 
ference at 5 per cent point between each soil was 194. Con¬ 
sidering the triple interaction of varieties, soils and 
cations, there is no significant difference between Lenox 
and Colrain but Worthington has less potential capacity than 
these two in furnishing cations to plants. There is also no 
significant difference between Chicopee, Blandford, and 
Agawam soils in their ability to release cations for plant 
absorption, although these latter soils are really different 
from Lenox, Colrain and Worthington soils. 
2* Results 
(a) Magnesium, calcium, sodium and potassium summations. 
Upon the summation of the cations calcium, magnesium, sodium, 
and potassium in the plant species, It was observed that the 
quantitative differential uptake of these cations differed 
mord in the ealciphylllo plant species than in the calciphoble 
plants. From the data, these differences are clearly shown 
in the case of the species cherry (high requirements and 
high uptake of calcium) and in the species beech (low re¬ 
quirements and uptake of calcium). It may also be observed 
that for the majority of plants listed in table 2 the total 
cations absorbed by the plants in the Lenox soils surpass 
the cation uptake from the other soils Involved. This fact 
may be an index that calcium is directly and indirectly a 
13 
common limiting factor for most soils, and that the cation 
summation In the plants is proportional to the relative 
amounts of available calcium in the soil. A decreased 
availability of one cation in these soils resulted in a rela¬ 
tive increase of another cation. Thus, a calcium-deficiency 
in these soils is concurrent with an Increased uptake of 
potassium and magnesium in the maintenance of a stable cation 
balance in each plant. 
Expressed on a mllllequlvalent basis, the calcium- 
pot assium ratio approximates 2 for plant.species growing on 
Lenox soils and 1.8 on the Oolraln soils. According to the 
soil classification charts, the Lenox and Colrain soils are 
the most productive soils and their calcium-potassium ratio 
is relatively greater. From the listed data, one may con¬ 
clude that the productivity of a soil may be considered 
partly on a relatively greater calcium-potassium ratio for 
calciphylllo plants and a higher cation summation. In the 
Chicopee, Agawam, and Worthington soils, the oaleium-potas- 
slum ratio approximates 1.4 but even in these oonditlons 
the cation summation is relatively higher in Worthington 
soils than in Agawam and Chicopee. Blandford soils consider¬ 
ed a calcium-deficient soil produces plants containing rela¬ 
tively large amounts of potassium; its calcium-potassium 
ratio is 1.0. Higher exchangeable potassium was also 
observed in these soils. 
14 
In comparing the qualitative and quantitative amounts 
of the elements in the entire summation from the analysis of 
all plant leaves. It can he stated that an element is ab¬ 
sorbed relatively to its availability from the soil colloids. 
This statement does not consider the fact that a lot of 
potassium Is absorbed from the non-exchangeable portion of 
this element. In Blandford soils, a low calcium uptake Is 
counterbalanced by an increased absorption of potassium and 
magnesium. 
(b) Magnesium uptake by plants from the different soils. 
According to previous Investigations by Bender and Eisen- 
menger (5), certain plants were classified on the basis of 
their sensitivity to soil acidity and conclusions were 
reached indicating & higher percentage of magnesium by plants 
grown on basic soils than those grown on acid soils. 
In the Lenox soils, where the soil reaction and calcium 
are not limiting factors, the magnesium uptake Is the great¬ 
est. On a milliequivalent basis, its calcium-magnesium ratio 
approximates 3.1 and furthermore conditions in these soils 
are very favorable for the growth of plants. Worthington 
soils, lower in calcium than Lenox soils, furnished a larger 
©mount of potassium and relatively higher magnesium absorp¬ 
tion is observed. In the Golrain soils, the calcium-magnes¬ 
ium ratio is 3.5; this Is larger than for Lenox soils, and 
it may Indicate a low availability of magnesium in some of 
the soils in this area* The cation milliequivalent 
16 
summations show higher calcium content for Agawam than for 
Bl&ndford soils but It Is of Interest to know that, under 
these conditions, the total of the principal basic elements 
exceeds that of Agawam which furnishes more calcium to plants. 
This fact shows that a deficiency in calcium may cause an 
increased uptake of potassium and even of magnesium, thus 
resulting in a cation summation exceeding those that would 
occur in converse conditions. 
(c) Magnesium and phylogenetic relationships. There 
exist significant differences in the magnesium requirements 
of plants as listed by Zimmerman (26). According to Eisen- 
menger et al (7), lower plant species possibly would absorb 
more magnesium than the more highly developed species* It 
Is interesting to note that, in the higher stages of evolu¬ 
tionary development, even though the magnesium deficiency 
symptoms are not evident in the plants, the chemical analyses 
show a relatively low magnesium content. Using Mez* classi¬ 
fication of plant species (16), an attempt was made to deter¬ 
mine if any real relationship exists between the evolutionary 
stage of development of plants and their/Mg requirement. 
Mez1 classification based upon serological reactions agrees 
with the classification outlined by most taxonomists. 
The species concerned, listed in table 3, are in the 
ohronologlcal order of their development according to the 
classification of Mez. The average magnesium content of each 
plant species on each soil series, and the calcium-magnesium 
so 
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ratios are shown. In reviewing the data of table 3, the 
magnesium uptake by the plant species follows.a slightly 
different pattern than the calcium absorption. This Is evi¬ 
dent in the eases of grape and chestnut. Pine, a gymnosperm, 
is very low in the evolutionary scheme, but according to 
data, it showed also the lowest magnesium uptake. Conversely, 
ash, considered a more highly organized plant, absorbed more 
magnesium than any other plants concerned. Beech and maple 
also showed a divergence from the expected results. 
Poverty grass, a highly developed monocotyledon, is very 
low in magnesium but relatively high in potassium, indicat¬ 
ing a preferential uptake of monovalent ions by monocoty¬ 
ledons. Solldago, a composite, is also considerably lower 
than other dicotyledons In magnesium, while cherry and chest¬ 
nut both appreciably less developed, have a high magnesium 
content. Poplar, oak, and birch show close phylogenetic 
relationships and their magnesium content was shown to be 
practically constant. Even though sumac and grape are rela¬ 
tively highly developed plants, they also showed a lower 
magnesium 
Where magnesium content of highly organized plant 
species Is greater than an expected value, it would be logi¬ 
cal to consider their calcium-magnesium ratio. It was 
advisable to proceed in this manner to seek any relation¬ 
ship between calcium-magnesium and the plant species itself. 
As shown in table 3, the calcium-magnesium ratio in cherry, 
18 
oak, and poplar Is relatively high; however, the ratios 
seemed to Increase towards more highly developed plants In 
the other species studied. 
From the listed data, a few exceptions were adverse to 
the proposed theory, but the general trend seemed to favor it. 
(d) NltrogcnT phosphorus and sulphur uptakes by plants. 
Table 4 shows the average content of nitrogen, phosphorus and 
sulphur in the plant species. The listed values expressed in 
m.e. per 100 grams of dry matter represent the average uptake 
of lone from the six soil series. The anion contents are ex- 
pressed as NO3, H2PO4, and SO4 because these values are 
most likely as such found in literature. It was observed 
that the nitrogen content in the leaves of the plants were 
unusually high in comparison with other anions. Sulfur ranked 
next In quantitative amounts and last was phosphorus. 
The cation-anion ratios were determined from the average 
content of ions in these species. It was found that, as the 
cation summation in these plants diminished, the cation-anion 
ratios decreased except in the case of goldenrod, sumac, 
and poverty grass. It is also observed from these ratios 
that the decrease in anion content is not proportional to a 
parallel decrease in total cations. 
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JSLiL<i2?...<il .MSHZOPJAm..and, Mglqp Appup^long 
^n-gftUffn.-C.9mpog;tiloQ,j^f.Jhe_ 
1. Methoda 
In order to determine the influenee of the ahaorptlon 
of one oation on the absorption of another it was necessary 
to grow plants on experimental areas which were known to be 
deficient in one or more of the essential cations* Plants 
grown on four different plots referred to as Plots A, B, C, 
and D were analyzed quantitatively for calcium, potassium, 
sodium, magnesium, and phosphorus content. These plots were 
in the Mg-deficient area of the Agronomy Department plots 
and had been in use for several years. A description of the 
plots follows: 
Plot A was the magnesium- and calcium-deficient plot. 
On plot B, magnesium was applied annually as Xg30^ at a rate 
of 150 lbs./acre; bn plot C, calcium was added as limestone 
(Mg less than \%) at a rate of 1000 lbs./acre and on plot D, 
magnesium and calcium were added at the same rate mentioned 
above* The four plots received a general fertilizer treat¬ 
ment of 5-8-7 containing (#64)0304 (160 lb.), ammophos 
(333 lb.), and KOI (233 lb^.) to the acre* 
The analytical procedure for the chemical determination 
of elements is identical to that used previously ( ). 
C 
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2* Results 
Table 5 shove the Ion uptake by plant species under 
different fertilising conditions. These values are expressed 
in m.e. per 100 grams of plant material. A wide variation of 
cation summation is quite evident for some plants. In some 
oases, however, there Is little variation in the summation of 
cations regardless of the soil treatment. 
On the magneslum-defleient plots, the characteristic 
symptoms of the deficiency were observed more in lower plants 
than in the higher plants. 
(a) Total cations. Van Italic (11), Lucas, et al (12), 
r .. <»•« * , » . . 
and Bear (3) have shown that total cation content of plants 
expressed on a milllequivalent basis tends to be a constant 
when grown In the same environmental conditions and sub¬ 
mitted to different application of fertilising elements. 
The cation summation was more nearly a constant when the 
total cation content of the plants was low. 
On plot A, where both calcium and magnesium are defi¬ 
cient, the cation summations are very low in some cases, 
vis., wild cherry and oleome. Variations in other plants 
are not so distinct but still there were significant dif¬ 
ferences. Zinnias and petunias had both a high total basic 
j , t 7j , | ' * * 
content. This is attributed to the high content of potas- 
? > , • ; l • . • • v ' » r 
slum of these two species. 
On plot B, there were several species which showed 
higher cation uptake than the same species grown on plot A. 
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fable 5. - Cation and phosphorus content, oation summation, 
and percentage composition of plants grown on 
Plot Ca 
M.E./lOO grama . 
K Ila Mg Total 
Flowering A -51757"' 49.48 1.88 15.04 145727 
Maple B 169.75 38.33 2.01 16.45 226.54 
C 152.50 43.58 1.79 10.45 208.32 
D 166.25 23.07 2.32 22,69 214.33 
Zinnias A TO M 106.18 6.26 ”27775“ 267.92 
B 94.38 63.38 4.70 28.45 190.91 
C 128.00 91.02 3.70 26.64 249.36 
D 76.25 106.40 4.52 25.24 212.41 
Celeriao A 68.75 76.92 27.98 8.72 182.37 
B 117.87 56.41 33.47 22.20 229.95 
C 122.87 86.92 43.75 24.50 278.04 
D 137.50 49.61 61.95 27.54 274.60 
Marigold A 60.00 —37.21" i.9o" 9.51""' ""156715 
B 56.62 34.61 2.28 21.46 114.97 
C 138.75 34.10 1.92i 12.66 187.43 
D 62.87 25.00 1.771 21.05 110.69 
Nasturtium A 64. SO 13.97 SB.91* 15.76 136 ITS 
B 70.00 42.94 16.06; 21.20 149.20 
C 112.50 43.07 11.84 12.66 180.07 
D 82.60 34.67 8.04 20.06 145.27 
Washington A So. Bo 39.65 r.72 8.o6 “75753 
Cherry B 100.00 31.66 2.39 19.57 153.62 
Tree C 74.62 32.30 1.66 6.09 114.67 
D 151.25 36.73 2.15 16.85 206.98 
Cleome A 88 .lb 53751“ 1.62 5775“ 100.46 
B 78.85 48.08 1.53 25.00 153.46 
C 175.00 50.00 1.58 3.00 229.58 
D 212.50 31.41 1.32 20.00 265.23 
Sweet A “15737“ 49.66 1.07 7."58. 100.94 
Williams B 69.00 45.19 3.43 18.75 136.37 
C 75.00 49.07 1.84 7.90 133.81 
D 68,50 42.69 1.97 18.91 132.07 
Rhubarb A -lITTg- —51.41 '"15715“ 14.65 122.61 
B 59.50 39.10 12.33 27.79 138.72 
C 46.87 55.96 3.80 19.50 126.13 
D 68.25 46.79 9.24 28.45 152.73 
Petunias A 32.76 105.10 39.13 8.56 165.55 
B 58.05 69.23 29.29 20.69 177.26 
C 68.75 94.23 19.28 5.60 187.86 
D 58.75 102.56 26.08 17.92 205,31 
Dandelion A 32.62 13775'" 36."76~ "15715” 117.29 
B 52.51 42.56 41.46 28.20 164.73 
C 29.50 62.82 4.70 14.06 111.08 
D 29.00 53.84 28.26 22.36 133.46 
Sorrel A 23.25 61.oo 11.32 26.16 121.72 
B 20.00 89.00 5.66 28.94 143.60 
C 28.20 89.25 3.12 24.17 144.74 
D 27.42 61.20 3.60 27.71 119.93 
Raspberry A 23.12 61.64 ~ 0.66 5755" 9o.5I 
B 37.50 34.95 0.83 24.16 97.44 
C 58.50 35.90 0.80 11.00 106.20 
D 35.65 36.54 0.79 19.33 92.31 
Table 5. - Continued 
22a 
Plot Ca 
.. K. 
ter cent 
Na Mg P 
flowering A 0.183 .1487 
Maple B 1*63? 1,929 0.200 .2482 
C 3.396 1.494 0.127 . 3519 
D 3.050 1.699 0.276 .1984 
Zinnias k .1.416 4,138 <5.096 “57335 "" ;ST56 
B 1.887 2.471 0.108 0.346 .2537 
C 2.560 3,549 0.085 0.324 .5129 
D 1.625 4.149 0.104 0.306 .3219 
ceieriae A 1.36 s.obo 0.643 0.106 
B 2.36 2.199 0.769 0.270 
C 2.46 3.389 1.006 0.298 
D 2.76 1.934 1.425 0.335 
Marigold A 1.20 1.452 0.043 o.lod ■ .12^7 
B 1.13 1.349 0.052 0.261 .1787 
C 2.78 1.329 0.044 0.154 .1637 
D 1.26 0.975 0.041 0.256 .1664 
Nasturtium A 1.09 1771 0.550 0.192 . 1964 
B 1.40 1.67 0.350 0.258 .2114 
C 2.25 1.68 0.272 0.154 .2551 
D 1.65 1.35 0.184 0.243 .2612 
Washington A 0.61 1.642 o.o98 • 0&5S 
Cherry B 2.00 1.235 0.238 .0948 
Tree C 1.49 1.260 0.074 .1350 
D 3.03 1.432 0.208 .1282 
Uleoike A 1.362 0 • 996 0.069 
B 1.577 1.875 0.304 
C 3.500 1.980 0.036 
D 4.250 1.225 0.243 
Sweet A 0.857 1.926 0.093 71715 
Williams B 1.380 1.762 0.228 .2482 
C 1.600 1.914 0.096 .3519 
D 1.370 1.665 0.229 .1984 
Hhubarb K 0.835 2.004 57337 “57177 .2141 
B 1.19 1.524 0.283 0.338 .2319 
C 0.93? 2.182 0.087 0.237 .2182 
D 1.365 1.825 0.212 0.346 .2523 
Petunias A 0.665 4.099 0.899“ o.io4 .1467 
B 1.161 2.699 0.673 0.252 .2141 
C 1.375 3.674 0.443 0.068 .2223 
D 1.175 3.999 0.559 0.218 .2564 
dandelion A o.is'S 17757“ 0.766 0.124 ' .§141 
B 1.05 1.659 0.953 0.343 .2319 
C 0.590 2.500 0.108 0.171 .2182 
D 0.580 2.099 0.649 0.272 .2523 
Sorrel k 6.465 2:3s' o.£$ 6.316 • 245$ 
B 0.400 3.47 0.13 0.352 .2742 
G 0.564 3.48 0.071 0.293 .2592 
D 0.548 2.39 0.083 0.337 .2701 
Raspberry k 0.462 £.4oo 6.064 
B 0.750 1.363 0.294 
0 1.170 1.400 0.134 
D 0.713 1.425 0.235 
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The species were Sweet Williams, Flowering.Maple and Sorrel 
and, in each case, both K and Mg were high. 
On plot C, the application of calcium did not affect 
appreciably the cation summation nor did it increase, in 
many instances, the calcium content of the plant. In most 
cases except marigold, petunias and zinnias, the potassium 
content was Increased as a result of the liming. 
(b) C&lolraa* Calcium was considered the most Important 
cation on account of Its dominant action in favoring the 
absorption of other elements. On plot A, with the exception 
of the two main calelphoblo plants, viz., sorrel and dande¬ 
lion, the calelphylllo plants showed a relatively low ealelum 
content. In some extreme oases, the total cation contents 
of species grown on plot A was about one*third that of the 
same speeles grown on plot C. this low ealelum level in 
leaves generally favored an Increased uptake of potassium. 
Deficient elements are not replaced totally by other cations. 
In plants growing on plot B, the application of magnesium 
* i » i . , 
increased the uptake of calcium in all the plants except in 
marigold and sorrel where there was a decreased uptake. 
The potassium content was also shown to decrease in most 
plants as a result of magnesium fertilization. 
On plot 0, the ealelum uptake by the plants was In¬ 
creased except in the case of flowering maple, Washington 
cherry tree, rhubarb, dandelion, and strawberry which were 
not favored by calcium applications; however, these plants 
24 
showed an increased uptake of potassium in all oases. 
On plot B, where both Oa and Mg had been added, the 
potassium absorption by plants is decreased except in Wash¬ 
ington cherry tree, petunia and zinnias. The last two 
plants had very high potassium content. 
(c) Magnesium* Magnesium content of plants growing on 
plot A was very low while the other cations are relatively 
higher, especially potassium and even calcium, where this 
element was not required In too great amounts by plants. On 
plot B, there was an increased absorption of magnesium In 
all cases; the quantity taken up was as great as $00 per 
cent in the case of deome. On plot 0, the magnesium uptake 
of some species was relatively higher than on plot A but It 
was interesting to note that some plants had an even lower 
content - cleome, flowering maple and Washington cherry 
tree were examples. 
The magnesium absorption by plants grown on plot D 
exceeded that of the same species grown on plot C, but It 
is not so high as where only magnesium was applied, except 
In the case of flowering maple, rhubarb, and eeleriac. The 
magnesium percentages on the deficient plots varied between 
.064 per cent for raspberry to .338 per cent for zinnias. 
Where very high percentages were found on plot A, these were 
observed to be relatively high In the four plots, regardless 
of the application of calcium or magnesium. The low content 
25 
of magnesium in plants grown on plot A was mostly observed 
with sweet William, cleome, raspberry, dandelion, marigold, 
celeriac, and petunias, 
(d) Sodium, fhe sodium content in plants varied. 
Species of plants, viz., nasturtium, rhubarb, dandelion, 
celeriac, petunias, were relatively high in sodium content, 
fhe other species contained small amounts of sodium. In 
dandelion. It was shown that sodium content was definitely 
affected by the addition of lime; Its content was diminished 
about seven times in plants grown on plot 0 as compared to 
those obtained from plot A. In cases where magnesium absorp< 
tion increased, the sodium content of plants increased also 
in about one-half of the plants concerned. 
26 
DISCUSSION 
The total cation uptake by plants grown on soils high 
in exchangeable cations was higher than for the same plants 
grown on soils low in exchangeable cations in those instances 
where the total potassium content of the soil was very high. 
In this investigation the calcium content in the plants con¬ 
cerned Is proportional to the exchangeable calcium and it 
can be even stated that the absorption of other cations Is 
regulated by the relative amount of exchangeable calcium. 
The calcium uptake Is a function of the amount of exchange- 
} • * • i i : "f . * ‘ * \ • > i i • ’ ■ t- ! . j' * •j*’ *' * ; x ■ • * * ‘ ; ; 
able calcium on the colloidal complexes of Lenox, Colrain 
and Worthington soil. Exchangeable calcium of the latter 
soils Is several times greater than that of Chicopee, 
Agawam and Blandford soils. Nevertheless the percentage 
calcium uptake from the exchangeable form in the latter 
soils Is greater than the percentage absorbed from Lenox, 
Colrain and Worthington soils. 
Although only the Ai^ horizon of these soils was 
analyzed chemically, the amounts of nutrient elements from 
the lower horizons might be expected to be relatively 
greater depending on the amounts found in the A^ horizon. 
Magnesium was found in appreciable amounts In the latter 
horizon only in Lenox and Blandford soils. Blandford soil 
also furnishes a high potassium and magnesium content to 
27 
plants* From this fact, It can be concluded that soils 
derived from certain schistous rocks might not be deficient 
in magnesium but plants would show deficiency of both Mg 
and Oa because of the high potassium content of these soils; 
however, some of the schistous rocks occurring in Blandford 
soils showed very low percentage of potassium. A represent- 
ative sample of rock might not have been selected in this 
l - 
case because it is known Blandford soils are productive 
I • 
especially in crops requiring high potassium levels. When 
calciphyllic plants are grown in these soils relatively 
large amounts of calcium are needed to suppress the intake 
of potassium. 
The high lime content of the Worthington soils may be 
attributed partly to the whitish rocks occurring In these 
soils and which, upon analysis, yielded higher calcium, 
magnesium and potassium content than any other rocks examined. 
Magnesium was not detected in the Ai^ horizon of the 
Chicopee and Agawam soils but with the knowledge that higher 
magnesium is found in the lower horizons of the soils and 
the fact that most plants concerned possess relatively 
deep-rooted systems, it might be an explanation why mag¬ 
nesium can be absofbed in sufficient quantities in the 
Agawam and the Chicopee soils. 
Upon chemical determinations of the magnesium In plants 
growing on different virgin soils, the method of foliar 
analysis did not reveal absolutely the true magnesium 
2d 
deficient areas although leaf analysis indicated a decreased 
uptake of Mg from certain soils. On cultivated soils of the 
Agawam and Chicopee series* the deficiency is more likely to 
be evident because no exchangeable Mg was found in the top 
seven inches. The fact that larger amounts of Mg and Ca are 
present in the derived parent material may explain the higher 
levels of these elements in the Ai^ horizon of Lenox, Colrain, 
Worthington, and Blandford soils. 
the results from analysis of the parent material or of 
the fragments of rocks occurring in these soils cannot be 
considered an exclusive source of information relative to 
the occurrence of the various elements in the soil because 
it is known that soil composition is influenced by many other 
factors such as weathering, drainage, rainfall, etc. In some 
cases, a striking similarity exists between the content of 
the various elements in the soil and the parent materials; 
this is especially true for the magnesium content of the 
Lenox, Colrain and Worthington series. 
Lenox, Colrain and Worthington possess definitely a 
greater potential capacity of furnishing cations to plants, 
although the high potassium content of plants from Blandford 
soils tends to raise the cation summation above an amount 
expected from soils so low in calcium content. 
The cation-anion ratios have not been calculated for 
each plant grown on each soil but, if one does so. It will 
be observed that this ratio widens with the occurrence of 
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high cation summations, particularly In the calciphylllo 
plants* The percentage composition of anions was relatively 
high for plants obtained from Chicopee, Agawam and Blandford 
plant analyses, and this fact probably accounts for the 
existence of a smaller oatlon-anlon ratio. 
The so118 Investigated were mostly sandy loams and the 
mineral colloids can be classified as weak colloids. 
According to the proposed theory by Mattson et al (15), 
these colloids would adsorb more strongly the monovalent 
ions and would release the divalent Ions for plant utiliza¬ 
tion. Some phenomena related to this theory occurs In 
Chicopee and Agawam soils. These soils furnish a relatively 
large amount of magnesium and calcium to plants than would 
be expected when one considers their exchangeable magnesium 
and calcium content. Blandford might be considered a soil 
possessing a stronger mineral colloid since it furnishes 
potassium in rather unpredictable amounts. If that is true, 
it would adsorb more the divalent ions on its colloidal 
surfaces and would release the monovalent potassium to 
plants. On the other hand, the plant possesses strong or 
weak colloidal systems in their rootsi calclphyllie plants 
are considered strong colloids on account of their divalent 
Ion absorption while calciphobic plants may be considered 
as having a weak colloidal systems. Further studies on 
this inter-relationship of the respective strength of the 
colloid in the soil and the colloid in the plant may result 
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in a satisfactory way of determining the degree of optimum 
absorption of each ion by the plant. 
Environmental factors in this investigation being 
different, it cannot be expected that the cation summation 
for each plant would be approximately a constant for all the 
soils concerned but the data indicate that constancy tends 
to be more specific in plants possessing a lower cation 
summation. 
From the analysis of phylogenetic relationships exist¬ 
ing in plants with special reference to their magnesium 
content, it may be advanced in a broad statement that the mag 
nesium requirements of plants are higher in the lower plant 
species especially in regions that have not been Influenced 
by fertilisation. But definite conclusions cannot be made 
in that respect unless one considers the following factors: 
the total magnesium uptake versus the exchangeable magnesium 
in the soils, the inter-relationships existing between the 
strength of the colloidal systems in both plant and soil, 
the calcium-magnesium ratio of the plants and the numerous 
environmental factors. Suggestions are thus made that these 
factors be considered In proving the proposed statement 
that lower plant species require more magnesium. 
Concerning the plant species investigated, goldenrod, 
poverty grass and sumac should be considered separately 
from the woody plants as their respective degree of maturity 
differs. 
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Considering the effect of application of calcium and 
magnesium separately or simultaneously, conclusions may he 
reached to show that on magnesium-deficient plots the cation 
summation is lower than in instances where nutrient elements 
are added to the soil. The application of magnesium, in 
some cases, will favor the highest cation summation for one 
plant species while the application of calcium may have simi¬ 
lar effects on other species. Calcium and magnesium when 
applied together showed, in some cases, the greatest ahsorp- 
; * ■ » • ; . . . *■- i • * . . ' * l * j i 
tlon while in others it had a depressive effect. 
The high content of sodium In some plants should he 
( . t * * i, • i 4 •» , „ , 
investigated to determine if this element is essential to 
certain plants and if so, the nature of the physiological 
functions in these plants. 
It has been suggested that magnesium is a carrier of 
phosphorus in plants. Some evidence in this regard was 
observed in this study. Plants obtained from the magnesium- 
deficient plot were extremely low in phosphorus content. 
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SUMMARY AND CONCLUSIONS 
Agawam and Chicopee soils are especially low in exchange¬ 
able magnesium and rocks occurring in them are also very low. 
Iheir potential capacity of supplying magnesium for plant 
utilisation is very limited. 
» fit. ' ' j j \ ' t • * » 
Relatively low exchangeable magnesium, calcium and 
potassium occurred in the A^ horizon hut the exchangeable 
calcium, magnesium and potassium in Lenox, Colraln and 
Worthington soils are very great in comparison to Chicopee, 
Agawam and Blandford soils. 
It is difficult to diagnose a magnesium-deficient area 
by leaf analysis of plants growing on virgin soils because 
the magnesium absorbed is only temporarily removed from the 
soil. Moreover, where calcium availability for plant 
growth is low, the magnesium content of the plants is not 
necessarily low because of the excessive amounts of potassium 
absorbed; this Is shown by the Mg-content of the plants 
grown on the Blandford soils. 
Foliar analysis indicates that Chicopee, Agawam and 
some areas of the Colraln soils are deficient in available 
magnesium. 
In Lenox soils, where conditions seem to be ideal, the 
exchangeable magnesium is about one-tenth the amount of 
exchangeable calcium. If this ratio is considered ideal, 
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then all the other soils except the Blandford soils would 
require applications of magnesium, especially in areas 
susceptible of greater leaching. 
> •. * . „ ; ■ . * • t **1 * ’■ ■: 1 i t ' -1 - * , 
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The sum of the mllllequivalents of Mg, Ga, K and Ha 
J . . * * ‘ * ■ * ;»*.»•'* •' * * I * r • ■ 1 '» ' • * 
, • 1 ;/*•'■» / * ' * . \ 
approximates a constant in calciphobic plants but this is 
• : ■. . » • • • ■ * > * , 
not true for caleiphyllio plants. 
The decrease of cation^anion ratio is a function of 
’ * •* ’ 4 . * i 1 y 
the cation summation in plants. Within limited amounts the 
cations can be substituted at will in plants. 
j 
The following figure represents a summary of the 
i 
v ‘ * *' • v ’ . J 
potential capacity of the soils involved in furnishing 
cations to the plants. 
34 
Magnesium content in plants in deficient areas may vary 
• • • ’ • ' ■»/•<* • • ’ii"- 
greatly, fheir absolution in these plants vary from 0.064 
per cent to 0.338 per cent. Some relationship was observed 
between the magnesium uptake by plants and their relative 
* * • " i • j •'• ,** , , S * ‘ * 
development but environmental factors, effect of fertilisers, 
, ; ^ • ' • l i " " 
calcium-magnesium ratios should he considered in the estima¬ 
tion of the proposed statement. Phosphorus uptake by 
plants on magnesium-deficient plots was relatively lower 
than on other plots. 
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